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We report the measurement of the rates and asymmetries of inclusive and differential production of W and 
Z vector bosons in pp collisions at ^/s = 7 TeV. The data consists of 36 pb~^ collected in the Compact 
Muon Solenoid (CMS) detector at the Large Hadron Collider (LHC). The measured inclusive cross sections 
are a{pp WX) x B(W -s> tu) = 10.31 ± 0.02{stat.)±0.09 {syst.)±0.10(th.)±0.41(lumi.) nb and a{pp 
ZX) X B(Z U) = 0.975 ± 0.007(stat.)±0.007 (syst.)±0.018(th.)±0.039(lumi.) nb. The measured inclusive 
cross sections and also its ratio of W to Z or to W~ agree with NNLO QCD cross section calculations and 
current parton distribution functions (PDFs). The differential production asymmetry of W boson as a function 
of the lepton pseudorapidity in the final state is also measured and compared with various PDFs. 



1. Introduction 

The inclusive cross section of any physics process is determined by Born-cross section (a) and the parton 
distribution functions (PDFs). Therefore, the measurement of the inclusive cross section tests calculations 
based on the higher order perturbative Quantum Chromodynamics (QCD) and also PDFs. Especially, W and 
Z boson processes shown in Figure [T] are well understood and unique signature with high rate, which give a 
useful information of QCD and PDFs. Moreover, these processes are a good tool to calibrate the detector in 
the early stage and the total cross section of these processes can be used as the luminosity candles at LHC. W 
or Z process mediates for many complex final states like top or new physics, so the measurement of W and Z 
production process paves the way for understanding top or new physics processes. 

In the W production mechanism, it is polarized due to the parity violation at production and it gives a 
strong asymmetry in the lepton decay. This asymmetry measurement constrains for the ratio of u and d 
quark, particulary on the sea quark contribution at LHC. Therefore, the asymmetry measurement of W boson 
production is important input of the global PDFs fit. 

Here, we measure the inclusive cross section and its ratio of W and Z production decaying to electrons or 
muons with the data sample taken from 2010 LHC operation period (36 pb~^). 
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Figure 1: W and Z boson production diagrams at LHC (pp collision). 



2. The CMS Detector 

A detailed description of the CMS detector can be found in Ref. [l| . The CMS detector is a superconducting 
solenoid, of 13 m in length and 6 m in diameter, which provides an axial magnetic field of 3.8 T. The innermost 
layer is a silicon tracker which covers the pseudorapidity, |r/| < 2.4 (77 = —In tan(0/2) where 9 is the polar 
angle of the trajectory of the particle with respect to the beam direction. Outside of the silicon tracker, the 
scintillating crystal electromagnetic calorimeter (ECAL) and the brass/scintillator hadron calorimeter (HCAL) 
follow. The ECAL provide coverage of \ri\ < 1.479 in the barrel region and 1.479 < \r]\ < 3.0 in the endcap 
region. The muon system is made of three technologies, drift tubes, cathode stript chambers, and resistive plate 
chambers. The muon detector covers ||eto| < 2.4 region and has about 2 % transverse momentum resolution in 
the relevant muon range with the silicon track matching. 
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3. Data Set and Event Selection 

The data sample consists of 36 ph^^ collected by CMS detector at LHC during 2010. The analysis is performed 
for the electron and muon channel for W/Z production. The events from the high Et electron or the single 
high pt muon trigger is used to select the sample. In the muon channel, the muon is selected to have pt > 25 
GeV for W boson and pt > 20 GeV for Z boson in \rj^\ < 2.1. The good track quality selection is required 
to find a good muon and the impact parameter cut, d^y < 2 mm, is also required to reduce the cosmic muon 
background. The electron is required to have Et > 20 GeV for W and Z boson in a good detector fiducial 
region, |r/e| < 1.44 and 1.57 < |?7e| < 2.5. The high Et electron cluster is matched to a high pT track and also 
required to pass the electron identification (ID) variables like a shower shape and the conversion reject variables. 
Both electron and muon are required to be the isolated object. Since the W production has large Drell-Yan 
background contamination, the Drell-Yan background is reduced by rejecting the event with the second isolated 
lepton with loose selection. 



4. Acceptance and Efficiency 
4.1. Acceptance 

The acceptance is calculated using powheg Monte Carlo (MC) 0tJ1 generator interfaced with pythia parton 
showering. The powheg generator is combined with a GEANT Q simulation of the CMS detector. The 
acceptance is the event fraction of the event with kinematic selection (^^^(e), pt(m) > 20, 25 GeV for W 
selection, and £'r(e), Pt{p) > 20 GeV for Z selection in the detector fiducial region) to the generated events. 
The acceptance for the Z boson measurement is restricted by the Z mass range, 60 < Mu < 120 GeV. The 
total acceptance is 50 % for W boson and 40 % level for Z boson. Table |T] summarizes the acceptance for each 
channel. 

Table I: The acceptance (^4) of W or Z boson production. 



Process 


A{£ = e) 


A{e = ^^) 


W+ £+u 

w- rv 

W -^£u 


0.5017 ±0.0004 
0.4808 ± 0.0004 
0.4933 ± 0.0003 


0.4594 ± 0.0004 
0.4471 ± 0.0004 
0.4543 ± 0.0003 


z e+r 


0.3876 ± 0.0005 


0.3978 ± 0.0005 



4.2. Efficiency 

The efficiency is determined for the offline reconstruction of the lepton, the lepton selection with the lepton 
identification (ID) and isolation criteria, and the trigger efficiency. The efficiencies are estimated using the tag 
and probe method using Z sample. The tagged leg has a tight lepton selection to clean up the sample and 
the probe leg is used to determine the efficiency. The remaining background in the sample is subtracted using 
Z mass fitting method. The efficiencies are estimated in the data and the simulation sample (MC) and the 
efficiency scale factor of data to MC is applied into MC to correct the efficiency in MC. Table HI] shows the total 
efficiency for W and Z process in the electron and muon channel. 

Table II: The total efficiency of W or Z boson production. 



Lepton channel 


W process 


Z process 


Electron 
Muon 


0.735 ± 0.009 
0.848 ± 0.008 


0.609 ±0.011 
0.872 ± 0.002 
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5. Background Estimation 

5.1. Bacltground and Signal Extraction for W Production 

The main background source in W production is QCD multi-jet and Drell-Yan process. QCD background is 
estimated from the data directly using spectrum fit method. The background shape of I^t is obtained from 
QCD enriched sample and the signal shape is obtained using MC and Z — >■ data for the hadron recoil 

tuning. The background estimation from IpT fit is also confirmed by two independent methods, Mt shape fit and 
Isolation energy vs. I^t method (ABCD method). The QCD background rates estimated from these different 
methods are consistent each other within the statistical uncertainty. The background from the electroweak 
process is determined using the simulation. Drell-Yan, W — > tv, Diboson (WW/WZ/ZZ), and processes are 
considered for the electroweak background. All backgrounds are estimated for W~ , and W, respectively. 
Figure [2] shows the signal and background distribution in IpT for W ev and W ^ and Table IIIII describes 
the background rate of each physics process for W boson production. After background subtraction, we get 
136328 ± 386 of W events in the electron channel (the signal yield of W+ e+v = 81568 ± 297 and e'v 
= 54760±246) and 140757±383 of W events in the muon channel (the signal yield of W+ ^i+v = 84091 ±291 
and W- fi'v = 56666 ± 240). 



CMS preliminary CIVIS preliminary 




pT [GeV] ^jlGeV] 

Figure 2: I^t distribution oiW^ev and W ^ with the background contribution. 



Table III: The background rate of physics process in W boson production. 



Background [%] 


W eu 


W ^iU 


Drell-Yan 


7.6 


4.6 


W TV 


3.0 


3.0 


Diboson (WW/WZ/ZZ) 


0.1 


0.1 


tt 


0.4 


0.4 


Cosmic 




< 0.01 


QCD 


From fit 


5.1 



5.2. Bacltground and Signal Extraction for Z Production 



The background source of Z boson production is QCD multi-jet and also the electroweak process like Diboson, 
W inclusive, Z — >• rr, and tt process. The QCD background is estimated using the isolation fitting method for 
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Z — >■ e+e" and the QCD simulation sample is used for Z M"*"/^" because of the low background rate. The 
QCD background rate for Z -> sample estimated by QCD MC is confirmed by the same and opposite 

charge method in the data and both methods give the consistent background rate. The electroweak background 
is estimated using the simulation samples for each physics process and the background rates are summarized 
in Table HVl The total background is 0.4 % level for both Z e+e^ and Z /^^M ■ After all background 
subtraction, we get 8406 ± 92 events for Z — >■ e"'"e~ and 13728 ± 121 events for Z M^M" process. Figure |3] 
shows the dilcpton mass distribution with the background contribution. 




M(eV) [GeV] M(nV) [GeV] 

Figure 3: Dilepton invariant mass distribution of Z ^ ee and Z — >■ /i/i with the background contribution. 



Table IV: The background rate of physics process in Z boson production. 



Background [%] 


Z e+e" 


Z — > 


Diboson (WW/WZ/ZZ) 
tt 

Z T + T- 

W+jets 
QCD 


0.157 ±0.001 
0.117 ±0.008 
0.080 ± 0.006 
0.010 ± 0.002 
0.060 ±0.140 


0.158 ±0.001 
0.141 ± 0.014 
0.124 ± 0.005 
0.008 ± 0.002 
0.013 ±0.001 


Total background 


0.420 ±0.140 


0.444 ± 0.015 



6. Systematic Uncertainty 

We consider the systematic uncertainty from the luminosity, efficiencies (reconstruction, ID, and trigger), the 
energy /momentum scale and resolution, I^t scale and resolution, the background estimation, PDFs uncertainty 
for the acceptance, and theoritical uncertainties. The largest systematic uncertainty in the measurement is the 
uncertainty from the integrated luminosity measurement which is 4 %. Table |V] summarizes the system- 
atic uncertainty from each systematic source in the measurement. The total experimental systematic error is 
comparable with the total theoretical uncertainty. 
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Table V: The systematic uncertainty of the measurement. 



Source 


W ^ eu 


W flV 


Z e+e~ 


Z — >■ /i^/i 


Lepton reconstruction & identification 


1.4 


0.9 


1.8 


n/a 


Trigger prefiring 


n/a 


0.5 


n/a 


0.5 


Energy /momentum scale & resolution 


0.5 


0.22 


0.12 


0.35 


I^T scale & resolution 


0.3 


0.2 


n/a 


n/a 


Background subtraction / modeling 


0.35 


0.4 


0.14 


0.28 


Trigger changes throughout 2010 


n/a 


n/a 


n/a 


0.1 


Total experimental 


1.6 


1.1 


1.8 


0.7 


PDF uncertainty for acceptance 


0.6 


0.8 


0.9 


1.1 


Other theoretical uncertainties 


0.7 


0.8 


1.4 


1.6 


Total theoretical uncertainties 


0.9 


1.1 


1.6 


1.9 


Total (excluding luminosity) 


1.8 


1.6 


2.4 


2.0 



7. W and Z Boson Cross Section Result 



The inclusive cross section of W and Z boson is calculated by: 

{Nsel - Nbkg 



ax B 



Ax ex J Ldt 



(1) 



where Ngei is the selected number of events, N^kg is the number of the background events, Axe is the acceptance 
times the efficiencies, and J Ldt is the integrated luminosity. The inclusive cross section is measured for the 
electron and muon channel, respectively, and then these cross sections are combined at the end. For the ratio 
of the cross section, we consider the ratio of to W~ cross section and also the ratio of W to Z cross section. 
The luminosity uncertainty cancels in the ratio of the cross sections. Table IVII summarizes the inclusive cross 
section of each channel for W and Z boson and also the ratio of to W~ and W to Z cross section. The 
measurements are compared to NNLO theory calculation, fewz [t!, ^ with mstwOS PDFs, which is shown in 
Figure m The inclusive cross sections and its ratios agree with the prediction within 1 a of total error. Figure 
[5] shows the ratio of the measurement to the theory prediction (NNLO fewz). 



Table VI: The inclusive cross section of W and Z boson production and the ratio of W to W and W to Z boson. 



Process 


Cross Section 


Process 


Cross Section Ratio 


W ^ ev 
W ^ fiiy 


10.48 ± 0.03stat ± ^.Vlsy.t ± 0.42,„^, nb 
10.18 ± 0.03,tat ± 0.16,a,t ± 0.41i„™ nb 


W+/W~(W eu) 
W+/W-{W -> iiu) 


1.418 ± 0.008stat ± 0.036.„.t 
1.423 ± 0.008,tat ±0.036.,,.t 


W ^Iv 


10.31 ± 0.02,tot ± ^.Visyst ± 0.41i„™, nb 


w+/w-{w eu) 


1.421 ±0.006stat ±0.033sy,t 


Z ee 
Z — >■ /i/i 


0.992 ± O.OUstat ± 0.024,„,t ± 0.040;„™ nb 
0.968 ± 0.008stat ± 0.0203^,4 ± 0.039,„™ nb 


W ev/Z ee 
W ^ liu/Z ^ liji 


10.56 ± 0.12,tat ±0.19,y,t 
10.52 ±0.09stat ±0.20sa,t 


z -^U 


0.975 ± 0.007,tat ± 0.019,j,,t ± 0.039,„„, nb 


W Iv/Z U 


10.54 ± 0.07,t„t ±0.18,„st 



8. Lepton Charge Asymmetry of W Production 

In W production, it is hard to measure the asymmetry of W production directly because the momentum of 
v in the longitudinal direction is unknown. Therefore, the asymmetry is measured using the final state lepton, 
which is the lepton charge asymmetry. The lepton charge asymmetry of W production {A(r])) is defined as: 

_ da/dr^{W+ t+u) - d(j/dri{W- £-9) 

^ da/d'n{W+ l+v) + da/dr]{W- l-v) ^ ' 
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36pb'at \ls = 7TeV 



1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

NNLO, FEWZ+MSTW08 prediction 
[with PDRLHC 68% CL uncertainty] 


10.44 + 0.52 nb 


W ^ ev 








10.48+ 0.03„ .+ 0.17 „+0.42, nb 
- w.wo Stat - 1 ' syst - ".^'lumi 


— t 


+- 


H 


W -> |XV 1- 
10.18±0.033t,t±0.163,,t±''-4U,"b 


+H 


H 




W — > Iv (combined) |- 
10.31 + 0.02^+0.13 „+0.41, nb 

. , 1 , , , 1 . , , 1 , , , 1 , . 


-4« 


1— 1 


. 1 . 



36pb'at \ls = 7TeV 



6 8 10 12 

c(pp->WX)xB(W^lv) [nb] 

36pb'at \ls = 7TeV 





NNLO, FEWZ+IUISTW08 prediction 




[with PDF4LHC 68% CL uncertainty] 




1.43 + 0.04 


W ^ ev 










1.418± 0.008 3ta,± 0.036 3yst 










W -> |iv 






\ 




1.423 ±0.008sta,± 0.036 3,3t 






W — > Iv (combined) 






t 




1.421 ±0.006 Stat ± 0.033 s,,, 











0.5 



1 1.5 
R^/.= [axB]{W*)/[axB](W) 



NNLO, FEWZ+it1STW08 prediction, 60-120 GeV 
[with PDF4LHC 68% CL uncertainty] 



Z ^ ee 

0.992 ± 

0.968 ± 
Z — > II (combined) 



0.2 0.4 0.6 0.8 1 1.2 

c{pp^ZX)xB(Z^II) [nb] 

36pb 'at \ls = 7TeV 



NNLO, FEWZ+iUISTW08 prediction 
[witii PDF4LHC 68% CL uncertainty] 



W ^ ev, Z ^ ee 



w -> |xv, z -> mi 

10.52±0.093tat±0.203,st 

W -> Iv, Z -> II (combined) 
10.54 ± 0.07 3tat±0.183,3t 



6 8 10 12 14 

R„2 = [axB](W)/[oxB](Z) 



Figure 4: The inclusive cross section of W and Z boson and its ratio. The measurements are compared with NNLO 
theory calculation, fewz with mstwOS PDFs. The yeUow band corresponds to pdf4lhc PDFs uncertainty with 68 % 
confidence level. 



CMS 



SSpb-^at \fs = 7TeV 



axB{W) 
CT X B ( W* ) 
o x B ( W" ) 
axB(Z) 



lumi. uncertainty: ± 4% 



h- H 



0.987 ± 0.009 ,,p.± 0.051 ^„ 



0.982± 0.009 e,p.± 0.049 



0.993± 0.01 0,, p. ± 0.056 



1.003± 0.01 Oe,p.± 0.047 



0.981 ±0.010,,p.±0.016„3„. 



0.990± 0.01 l3,p.± 0.037,,^ 



0.6 



0.8 



1 1.2 

Ratio (CMS/Theory) 



1.4 



Figure 5: The ratio of the measurement to the theory prediction (NNLO fewz with mstwOS PDFs). The yellow band 
corresponds to the luminosity uncertainty, ±4%. 



where rj is the pseudorapidity of the Icpton in the final state. The lepton charge asymmetry has a strong 77 
dependence, so it is important to understand 77 dependence of efficiencies and background. In the measurement, 
the efficiencies (reconstruction, ID, and trigger) are estimated as a function of muon px and 77. The background 
is also estimated in ry using the shape fitting method {I^t fit for the electron channel and the isolation energy 
fitting for the muon channel) from the data directly. For the electroweak background, we use the simulation 
samples. All other methods of the measurement are same as used for the inclusive cross section measurement. 
The lepton charge asymmetry has dependence, so it is measured in two muon bins, pt{^i) > 25 
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and 30 GeV. The asymmetry is measured in the electron and muon channel, respectively, and shows a good 
agreement between these two channels. Figure |6] shows the lepton charge asymmetry in 77 and pt compared to 
the theory predictions, MCFM with CTEQIOW [lo| and NLO MSTW2008 jlH PDFs. The precision of the 
measurement is less than 1.1 % for the statistical uncertainty and 1.5 % for the total uncertainty in all 77 bins. 
This measurement is new input to PDF global fit which constrains to the u and d quark ratio. 

CMS 36 pb-^ at \fs = 7 TeV 




: e 

1^ 



1 2 

Lepton Pseudorapidity |ri| 

Figure 6: The lepton charge asymmetry of W production. The measurement is compared to the theory prediction, 
MCFM with CTEQIOW PDFs and NLO MSTW2008 PDFs. 



9. Conclusion 

We measure the inclusive cross section of W and Z boson production and its ratio using 36 pb^^ data at CMS. 
The inclusive cross section measurements show a good agreement with NNLO QCD theory prediction. The 
lepton charge asymmetry of W production is also measured and compared with various PDFs set, CTEQIOW 
and NLO MSTW2008. More analysis detail is in Ref. jl2(] for the inclusive cross section measurement and Ref. 
[l3| for the lepton charge asymmetry measurement. 
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